In 1956 Shy and Magee described 'a new congenital non-progressive myopathy' in five members from three generations of the same family. Their ages ranged from 2 to 65 years. The pattern of inheritance suggested an autosomal dominant mechanism. The main clinical features were hypotonia and delayed motor milestones in infancy, and a mild nonprogressive weakness, affecting mainly proximal muscles, and the legs to a greater extent than the arms.
Histologically, a central area in the muscle fibre stained blue with Gomori's trichrome stain, in contrast to the red staining periphery of the fibre. This 'central core' consisted of compact myofibrils with cross striations. Some enlarged fibres contained more than one core.
A further case of central core disease was extensively investigated in England (Engel, Foster, Hughes, Huxley, and Mahler, 1961) . This 21-year-old man had clinical features similar to the cases of Shy and Magee (1965) , but the family history was negative. Most fibres in the biceps brachii had a single central core, but in the vastus lateralis the majority of fibres had multiple cores. Histochemical studies on this ,patient (Dubowitz and Pearse, 1960a) revealed that the central cores were devoid of enzyme activity, and that all the muscle fibres belonged to one enzyme type, in contrast to normal human muscle, in which at least two fibre types are recognizable with histochemical enzyme stains (Dubowitz and Pearse, 1960b) . It was suggested that the cores were a nonfunctioning part of the muscle and this was supported by the electron microscopic observations of absence of mitochondria and sarcoplasmic reticulum in the core regions (Engel et al., 1961; Seitelberger, Wanko, and Gavin, 1961) . Muscle biopsies from the parents of this patient were histologically and histochemically normal. Bethlem and Meyjes (1960) Central core disease of muscle with focal wasting resulted in an improvement in the serum electrolytes, her clinical condition deteriorated and she was transferred to Sheffield on 30 December. At that stage she was in deep coma and moderately dehydrated. There was marked neck stiffness, but the limbs were hypotonic. The right arm was markedly wasted, particularly around the shoulder girdle (Fig. 1) , and was 1 inch shorter than the left arm. The musculature generally was poorly developed (Figure 2) .
Her urine was heavily infected. The blood urea level was 340 mg./100 ml., the serum sodium 157, potassium 3 4, and bicarbonate 16-5 mEq./l. The cerebrospinal fluid contained 320 red blood cells and 2 white cells per c.mm., 70 mg. protein and 75 mg. sugar per 100 ml., and was sterile on culture.
A tracheostomy was performed the day after admission, because of accumulation of pharyngeal secretions. She had peritoneal dialysis on the second, third, and fourth days after admission. The urinary infection was treated with intramuscular colomycin.
By the fifth day, she was fully conscious. However, her limbs remained hypotonic and immobile. She had a myopathic facies, with diminished facial movement and inability to bury her eyelashes. The tendon reflexes were all very brisk; the plantar response was flexor. The cerebrospinal fluid was normal. Six days later she began to move her limbs and the power gradually improved. Her blood urea level had by this time fallen to 60 mg./100 ml. and the serum electrolytes were normal, apart from a slightly low potassium level (3-9 mEq./l.). Her general condition continued to improve.
Further investigations revealed bilateral hydronephrosis and a ureteric obstruction on the right side. Four weeks after admission a ureteric stone was removed at laparotomy and biopsies were obtained from both rectus abdominis muscles.
Her muscle power continued to improve and she was walking with support a week after operation, and without support the following week, i.e., six weeks after the onset of the acute illness. At that stage she was still unable to get up from the floor and had great difficulty getting up from a chair. In addition to the wasting of the right shoulder there was focal wasting of the left supra-and infraspinatus ( Fig. 3 ) and the glutei and lateral head of the hamstrings on both sides. Most muscle groups were grade 4 on the M.R.C. scale (Medical Research Council, 1942) but those of the right shoulder and also the extensors of the trunk and hips and the lateral hamstrings were only grade 2 to 3. Slight facial weakness persisted. There was marked limitation of external rotation of the right shoulder, but other joints had a full range of movement. With the exception of the right triceps jerk, the tendon reflexes of the upper limbs were still brisk, but those of the lower limbs had become sluggish.
A detailed history from the patient, confirmed by her eldest sister, revealed that the wasting of the right shoulder girdle had been present since birth and had shown no change. The patient emphatically denied any previous weakness of muscles other than her right arm, and she had taken an active part in sports at school. She felt that she had not quite regained the strength she had before her illness.
She was discharged on 13 February. When reassessed a month later, there was further improvement and she could go up and down steps. There was still some proximal weakness of the limbs. By mid-April she had shown further improvement, but was still having more difficulty in using the right arm than before the acute illness. The power in all muscle groups of the right arm was approximately grade 3, with the proximal shoulder muscles weaker than the distal muscles. She was able to get up from the prone position, but leaned an elbow on her knee when doing so. She could ascend steps but still had slight difficulty. The facial muscles were normal. The tendon reflexes were depressed in the right arm but normal in the left arm and in the legs.
She was convinced that the residual weakness she still had had not been present before her recent illness. She is left-handed as well as left-footed and also uses the left eye for preference.
FAMILY HISTORY
A brother, Cyril W., aged 37 (Fig. 4 , IV, 9), has also had a wasted right arm since birth. He is left-handed, but right-footed. He works as a furniture upholsterer and apart from the weakness of the right arm has never had any other weakness or disability.
On examination his pattern of wasting of the right shoulder was remarkably similar to his sister's. His right arm was 2 in. shorter than the left, 1I in. being accounted for by the upper arm. In addition to the muscles of the right shoulder girdle, there was also wasting of the lower part oftheright biceps, theright brachioradialis, and theleft supra-and infraspinatus. These wasted muscles showed slight weakness, but all other muscle groups were normal.
He got up from the prone position without any difficulty. Both his children were completely normal on examination.
The parents (Fig. 4 , III, 1 and 2) were first cousins. According to the eldest sister, neither had any muscle weakness or wasting. The mother died suddenly of cerebral haemorrhage at 56, and the father at 81 (cause unknown).
No other members of the family had any muscle weakness or wasting. Central core disease of muscle with focal wasting tained a single central core which was devoid of enzyme activity. These cores were practically confined to the fibres of the type reacting strongly for NAD diaphorase.
In longitudinal section the cores ran the length of the fibre. In the majority of fibres the cores were single, but occasional fibres had two cores. Most cores were 10-15 IL in diameter, but some were up to 20 ,u. They were usually about 10-15 ,u from the periphery of the fibre. One exceptional fibre, 100 ,u in diameter, had a 60 , core, but there were no others approaching this size. In the weaker reacting group of fibres, a number of fibres appeared to have a condensation of mitochondria in the central part of the fibre (Figures 6 and 7) . This darker area also ran the length of the fibre in longitudinal section.
In one muscle spindle there was a suggestion of 6 y 8 8 $ W * f f (Figure 8) .
The cores also gave a negative reaction with the periodic-acid-Schiff reaction and with the reaction for myosin adenosine triphosphatase. With these reactions the cores were not as distinctly shown as with the NAD diaphorase.
Masson's trichrome stain confirmed the presence of the cores which stained red while the periphery of the fibre stained green.
DISCUSSION
Central-core disease cannot be recognized on clinical grounds alone, and the diagnosis rests on the demonstration of the cores by a trichrome stain or with histochemical enzyme stains. A number of aspects of the present case raise the question as to whether central core disease is in fact a uniform disease, or whether it is possibly a pathological manifestation of a number of syndromes.
The clinical appearance of this patient, with her poorly developed musculature, is very similar to the case of Engel et al. (1961) . However, general wasting was not a feature of the original cases of Shy and Magee (1956) nor of the patient of Bethlem and Meyjes (1960) .
The history of no previous weakness in our patient is unusual. All the previously described patients had some muscle weakness, and in the patient of Bethlem and Meyjes this appears to have been fairly severe. None of the previously described cases had any focal wasting. The profound wasting of the right deltoid muscle in our case, as well as the focal wasting of other muscle groups, may be coincidental, but it seems reasonable to assume that they are connected with her generalized muscle disorder.
The gradual improvement in muscle power and tone as her renal function improved suggests that the profound weakness and hypotonia were precipitated by the uraemia. The relatively low potassium levels may have been an important factor, although the weakness persisted for a time after the potassium level was well within normal range. It is known that renal tubular acidosis may be associated with severe hypotonia (Dubowitz, 1963) or with weakness (Carroll and Davies, 1964) , and the severe acidosis in this patient may also have been a contributing factor.
The distribution of the weakness was unlike that of a uraemic neuropathy and the very brisk tendon reflexes were also against this diagnosis. In previous cases of central core disease the tendon reflexes have been normal or sluggish. The brisk tendon reflexes in our patient appear to have been a temporary phenomenon in the acute phase.
Both the patient and her brother have a remarkably similar pattern of wasting of the various muscle groups, particularly of the right shoulder girdle. We do not know whether the brother has central core disease, as he was reluctant to have a biopsy. However, if one assumes that in the patient the focal wasting of muscle is part of her central core disease, it would then be reasonable to assume that the manifestations of the brother are also part of a central core disease.
The mode of inheritance of the disease in this family appears to be autosomal recessive. As both parents are dead one cannot with certainty exclude the presence of any muscle disease, but there is certainly no suggestive history. This makes a dominant inheritance unlikely. The pattern, therefore, differs from the family of Shy and Magee (1956) . In the cases of Engel et al. (1961) and of Bethlem and Meyjes (1960) , the family history was negative, which does not exclude an autosomal recessive mode of inheritance, but may alternatively represent a new mutation in a dominant inheritance.
The muscle biopsies showed evidence of minimal myopathic change on routine histological staining, and included a variation in fibre diameter, proliferation of sarcolemmal nuclei with frequent internal nuclei, focal degeneration of muscle fibres, and slight focal proliferation of endomysial connective tissue. These changes are similar to those noted in the previously described cases. The cores could not be seen at all in these sections, which illustrates how readily this disease can be missed in routine histological preparations.
Histochemical enzyme stains showed up the cores very clearly. As in the case previously studied (Dubowitz and Pearse, 1960a) , the cores were completely devoid of enzyme activity. However, there was one striking difference between the two cases. The present patient showed a normal subdivision of the muscle fibres into at least two enzyme types, whereas in the previous patient all the fibres were of uniform enzyme activity and appeared to belong to one type only.
In the present patient the cores appeared to occur mainly in the fibres rich in NAD diaphorase and poor in phosphorylase. On serial sections it was shown that with different enzyme reactions it was the same fibres which had the central cores.
The majority of fibres had only a single core, occasional fibres had two cores, but none had more than two. This was similar to the biceps muscle of the previous case (Engel et al., 1961) Central core disease of muscle with focal wasting
The pathogenesis of the cores still remains obscure. Engel et al. (1961) discussed various hypotheses. In their patient, the uniformity of enzyme activity in all the muscle fibres suggests that there was an arrest in maturation before the time of normal differentiation of muscle, and recent work on enzymic histochemistry of human foetal muscle (Dubowitz, unpublished results) 
